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This  report  was  prepared  at  the  Engineering  Experiment  Station, 
Georgia  Institiiu.  of  Technology,  Atlanta,  Georgia,  by — 
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ABSTRACT 


living  ncyroblssta  of  the  grasshopper  Ckortophaga  virtdifaciata  were  exposed  to 
ozone.  The  threshold  dose  necessary  to  produce  a  significant  delay  in  mitosis  was 
determined.  Inhil  tion  was  reversible  and  mitosis,  though  delayed,  went  to  completion. 
Cells  dosed  before  ‘arly  prophase  were  inhibited  and  differed  from  the  controls  in  the 
tune  taken  to  reao  anaphase.  Ceils  in  more  advanced  stages  proceeded  to  anaphase 
at  a  time  not  significantly  different  from  the  controls. 


Cells  exposed  in  anaphase,  telophase,  interphaae,  and  very  early  prophase  were 
delayed  in  passing  through  midprophase  and  late  prophase  stages.  Progression 
through  preceding  and  succeeding  stages  was  the  same  as  control  preparations. 
Exposure  to  ozone  in  the  preprophase  stages  resulted  in  inhibition  in  late  prophase, 
and  ceils  exposed  in  later  stages  proceeded  through  the  next  cell  division  uninhibited. 
Stages  sensitive  to  the  threshold  concentration  of  ozone  are  preprophase,  and  the 
inhibited  stages  are  middle  and  late  prophase. 


"this  technical  documentary  report  has  been  reviewed  and  is  approved. 
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MITOTIC  INHIBITIOM  INDUCED  IN  6RASSMOPPER  NEUWBU5TS 
BY  EXPOSURE  TO  OZtmt 


1.  INTRODUCTION 

information  is  available  on  specific 
cellular  effects  of  ozone. 

Investigations  with  microorganisms  have 
Wn  concerned  mostly  with  the  bactericidal, 
fungicidal,  cysticidal,  and  virucidal  properties 
of  ozone.  Giese  and  Christensen  (14)  in  describ¬ 
ing  the  cellular  responses  of  protozoa,  rotifer, 
and  sea  urchin  eggs  noted  decreased  movement 
of  the  organisms  and  swelling  and  blistering  of 
the  cytoplasm.  They  con; ludeb  that  oz-nt 
penetrated  the  cell  poorly  and  acted  primarily 
as  an  oxidant  against  the  plasma  membrane. 

In  this  laboratory,  we  have  demonstrated 
the  capacity  of  ozone  to  produce  chromosome 
breakage  in  the  root  meristem  cells  of  Yicia 
fnbn  (12).  Ozone  is  apparently  selective  against 
the  nuclear  material  in  the  cell  at  concentra¬ 
tions  Mow  those  which  markedly  affect  the 
morphology  of  the  tissues  The  •’igh  percent¬ 
age  of  chromosome  aberrations  produced  by 
ozone  a.id  the  type  of  dose-response  correlation 
obtained  indicate  that  this  material  is  a  very 
effective  radiomimetie  agent.  Davis  (11)  has 
recently  reported  on  the  mutagenic  activity  of 
ozone  in  Escherichia  coU.  atid  Brinkman  and 
Umiberts  (3)  b»ve  described  the  inactivation 
of  oxidative  enzymes  in  vivo  after  ozone  in¬ 
halation  in  humans. 

The  investigations  reported  here  are  direct¬ 
ed  larH  of  our  present  knowl¬ 

edge  of  the  cellular  effects  of  ozone. 

2.  METHOD 

Six-day  Chortoghaga  viridifariala  embryos 
incubated  at  .17  (equivalent  to  12-dav 


embryos  of  Carlson’s  (4)  at  room  temperature) 
were  used  in  the  experimental  work.  This 
material  has  several  advantages:  the  work  of 
previous  investigators  (4-10)  has  established 
the  precision  and  noncyclic  mitotic  rate  of  these 
particular  cells,  and  the  large  size  and  ex¬ 
ceptional  visibility  make  refined  in  vitro 
observations  possible.  Cultural  procedures 
employed  are  essentially  those  developed  by 
('arisen  and  his  co-workers  (4-10) .  As  itie 
thickness  of  such  preparations  precludes  the 
effective  use  of  phase  contrast  optics,  all  obser¬ 
vations  were  made  with  ordinary  microscopy. 
Details  of  cell  division  are  clearly  visible  and 
a  photographic  sequence  has  been  made  of  a 
single  neuroblast  cell  through  the  entire  mitotic 
cycle  (13).  The  criteria  used  to  determine  the 
beginning  of  each  mitotic  stage  are  given  in 
table  1. 

To  .liminate  the  temperature  shock  effect 
piesent  in  the  experimental  results  of  other 
investigators  who  used  this  material,  it  was 
decided  to  conduct  all  operations  as  close  to  the 
incubation  temperature  (38  •'.)  as  would  tie 
feasible.  To  this  end.  a  constant-temperature 
work  space  was  constructed  in  which  all  the 
preparatory  steps  and  dosimetry  could  be  ac¬ 
complished  (fig.  1).  Temperature  lOntrol  was 
maintained  in  inoculation  box  through  ther¬ 
mostat  control  of  the  radwnt -heating  bottom 
surface.  Heat  is  supplied  through  a  400-watt, 
radiant -heating  wire  located  beneath  »  '.finch 
plate  glass  surfaic.  This  plate  glass  bottom 
acts  as  a  continuous  heat-radiating  surface,  and 
the  high  heat  loss  ami  continuous  heat  input 
of  this  system  result  in  a  small  amplitude  of 
temperature  change  while  permitting  the  front 
of  the  box  to  remain  open  and  considerable 
manipulation  to  take  place  through  the  open 
front.  In  operation,  this  box  automatically 
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TABLE  I 


Criteria  used  to  determine  the  various  mitotic  stages 


Stage 

Description  of  initiation  of  stage* 

Duration* 

(min.) 

Interphase 

Chromatin  granules  are  scattered  in  a  homogeneous 1 
nuclear  background.  Nucleoli,  verj  irregular,  appear  j 
as  grapelike  clusters  of  small  spheres. 

27 

Prophsse 

Very  early 

| 

Chromosome  threads  become  visible  among  the  nuclear  j 
granules. 

24 

Early 

Nuclear  granules  disappear;  the  nucleus  is  filled  Hth 
fine  chromosome  threads. 

46 

Middle 

Threads  increase  in  thickness  and  may  be  followed 
from  one  place  in  nucleus  to  another. 

16 

late 

Abo.t  seven  chromosomes  are  near  th*  nuclear  mem¬ 
brane  in  one-fourth  optical  cross  section. 

lfi 

Metaphase 

Nuclear  membrane  disappears;  cell  assumes  a  spherical 
shape. 

m 

Anaphase 

Proximal  ends  of  chromatids  separate. 

9 

Telophase 

Middle 

Cleavage  furrow  appears  to  be  complete. 

24 

late 

Nucleoli  lose  their  spherical  shape;  chromatin  granules 
arranged  in  linear  sequence. 

33 

*Aft*r  C«rt*-»  ft  mi  •  10 » .  Th*  «h»*r  d*wriiiiu«n  differ*  jn  the  m*r**r  of  rrrUin  •tat'".  I.*..  !■!* 
,'!»»  vrry  latr  pntphwr  pn>m*«r;-hM*  p>u*  mrUphw.  *m1  *»rlv  plu»  rtii.{li*U«ph*»» 
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FIGURE  i 


fmr/^tiatwn  btts  for  t+mp*rt  ?*re  control- 


maintains  a  temperature  between  35“  ami 
37”  C.,  care  being  taken  to  keep  the  tempera¬ 
ture  from  going  above  38“  C.  By  preparing 
samples  under  such  conditions  ami  then  trans¬ 
ferring  them  to  the  microscope  im  ibator,  the 
temperature  shock  effect  was  elii,  mated. 

A  new  type  of  microscope  incubator  which 
offers  several  unique  advantages  was  designed 
and  put  into  operation.  This  incubator  is  an 
inflated  polyvinyl  bag  through  which  hot  air 
is  forced  in  a  closed  circulating  system. 
Forced-draft  incubating  systems  offer  good 
temperature  control  if  the  tempo,  atm  e  dif¬ 
ferential  is  large  enough  between  the  desired 
incubator  setting  ...id  room  temperature.  The 
flexible  polyvinyl  bag  offers  an  additional  ad¬ 
vantage  over  rigid  systems — namely,  the 
microscope  controls  may  be  manipulated  from 
the  exterior  of  the  bag  without  breaking  in>.> 
the  closed  forced-draft  system.  This  is  ac¬ 
complished  by  pressing  in  on  the  bag  and 
manipulating  the  controls  directly  through  the 
polyvinyl  mateiial.  This  overcomes  one  of  the 
more  serious  drawbacks  to  a  forced-draft 
system — that  of  breaking  into  and  disturbing 
the  continuous  air  flow. 

Ozone  was  generated  (VVelsbach  Model  T23) 
at  room  temperature  from  cylinder  oxygen  and 
scrubbed  successively  through  an  0.8-normu! 
sulfuric  acid  solution  and  tnen  through  a  . 
potassium-iodide  trap.  Ozone  to  l»e  used  for 
dosimetry  was  that  present  as  di. solved  ozone 
in  the  0.8-normal  sulfuric  acid  solution.  It  has 
been  shown  in  previous  investigations  that 
<tzone  is  reasonably  stable  under  such  condi¬ 
tions— at  least  the  rate  of  decomposition  is 
minimized  and  is  less  than  10  :■  over  the  perns! 
•if  the  experiment.  The  concentration  of  ozone 
present  in  such  a  solution  is  a  function  of  the 
distribution  coefficient  between  the  ozone  and 
the  gas  immediately  above  it.  This  in  turn  is 
determined  bv  the  Umtjieralure.  At.  or  close 
to.  room  temperature  (23'  C.)  the  distribution 
coefficient  for  ozone  is  about  0.24  (IT).  This 
means  that  at  saturation  the  ozone  concentra¬ 
tion  in  solution  will  be  about  one  quarter  of 
that  present  in  the  gas  which  is  twine  bubbled 
through  it.  The  Welsbach  ozonator  is  capable 
of  producing  ozone  in  concentrations  fieni  about 


1  to  lO'.l  by  weight  from  pure  n*y«r?n — 
depending  on  the  voltage  operation,  rate  of  gas 
flow,  and  certain  other  variables.  We  have 
found  that  scrubbing  ozone  through  400  ml. 
of  0.8-normal  sulfuric  acid  for  20  to  30  minutes 
produces  a  near-saturated  solution  and,  as  a 
matter  of  convenience,  we  allow  this  period 
of  time  for  scrubbing.  The  final  concentration 
of  ozone  is  determined  by  varying  the  voltage 
on  the  o/on..tor  or  by  diluting  the  resultant 
solution.  Aftei  the  ozone  solution  lias  been 
generated,  it  is  poured  into  ••  ^os-stoppered 
bottle.  This  particular  bottle  has  a  very  nar¬ 
row  mouth,  and  the  top  has  been  ground  smooth 
so  that  a  tight  fit  will  tie  obtained  when  a  cover 
slip  is  inverted  over  the  open  neck.  The  bottle 
has  a  ground  glass  stopper,  and  special  care 
is  necessary  ,o  insure  ti.at  no  contaminating  or 
reducing  substances  are  "resent,  as  these  would 
effectively  reduce  the  ozone  concentration. 
Several  methods  for  ozone  analysis  have  been 
evaluated  in  previous  investigations  (15).  The 
ferrous-ferric  system  was  selected  as  the  best 
method  for  these  experimental  procedures. 
This  analytic  procedure  involves  the  oxidation 
of  the  ferrous  ion  to  the  ferric  ion  by  ozone: 

2Fe  •  *  211'  -»2bV"  I  0,  +  11,0 

Knough  ferrous  ammonium  sulfate  in  0.8- 
normat  sulfuric  acid  was  added  to  the  test 
solution  to  make  a  final  concent  rat  ion  of  ap¬ 
proximately  0.5-normal  ferrous  ammonium  sul¬ 
fate  solution.  This  is  back-tit  rated  with 
IMitassium  permanganate  .-vandardized  against 
unborn  oxalate.  Since  this  analysis  is  ordinari¬ 
ly  conducted  in  dilute  sulfuric  Hrid  solutions, 
•I  lends  itself  particular!*  well  to  our  exiajri- 
inental  procedure  and  eliminates  the  necessity 
of  changing  the  pH  during  the  analytical  pro¬ 
cedure  as  would  lie  nooes-'.c; ,  for  example, 
with  IMitassium  iodide.  Another  advantage  of 
this  analytic  method  is  the  sharp  end  point 
evidenced  in  the  (lermanganafe  *  it  rat  ion. 

In  the  dosimetry  of  the  hanging-drop  prep¬ 
arations,  the  embryos  were  exposed  to  ozone 
by  inverting  the  preparations  on  the  cover  slip 
and  placing  them  on  the  top  of  the  sample 
bottle.  Pains  were  taken  to  insure  a  complete 
seal  between  the  Cover  slip  and  the  ground  lip 
of  the  bottle.  Under  these  conditions,  the  con¬ 
centration  ot  ozone  in  the  gas  above  the  liquid 
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and  in  contact  with  the  drop  containing  the 
embryo  preparation  may  be  estimated,  based 
on  the  distribution  coefficient  of  ozone  at  this 
temperature  (17).  After  a  specified  contact 
-  Tie,  the  solution  was  replaced  in  the  prepara¬ 
tion,  yelk  material  added,  and  observation  be¬ 
gun  immediately.  This  oartieuiar  n.ethod  of 
dosimetry  seems  to  be  dictated  by  several  con¬ 
siderations:  (1)  the  requirements  of  the 
embryo  for  a  balanced  physiologic  solution, 

(2)  the  advantage  of  a  short  ci.,.iact  time,  a nd 

(3)  the  necessity  of  eliminating  reducing  mate¬ 
rials  from  the  embryo  preparations  during 
ozone  contact.  It  has  been  found  in  ether  o- 
vestigations  that  ozone  is  not  effective  biolog¬ 
ically  until  all  ’-educing  materials  in  solution 
have  been  eliminated.  The  presence  of  even 
small  amounts  of  reducing  agents  provides 
marked  protection  from  the  ozone  effect.  Con¬ 
trols  were  run  by  exposing  preparations  in  the 
same  uumner  except  that  oxygen  alone  had 
been  bubbled  through  the  solution.  The  con¬ 
trols  were  not  significantly  different  from 
Carlson’s  findings  (10);  table  II  shows  the 
results  of  a  typical  control  run. 

TABLE  II 

Thirteen  «<  urobltst  cell*  treated  u  ith 
pky*iih<;/ic  *aline  (con/ roll 
in  interphone 


Mitotic 

•tag* 

Average 

duration 

4  min.) 

Throrvf  \c 
duratk  *>* 

frophaac 

V>iy  earlv 

24  ♦  .4 

24 

Early 

46  »  .9 

4# 

Middle 

IS  *  .3 

IS 

Late 

16  i  .3 

te 

tfvt*ph*4W 

IS:i  J 

ts 

Ansphftt* 

V  J.  ,1 

9 

Telophaae 

j 

\ 

Early 

24  *  .4  1 

24 

Uu 

S3  1  .8 

! 

Intarohaa* 

rr  i. .  s  1 

,  z7 

"After  Cwrifce*  lit*. 


Occasionally  the  embryo  in  a  preparation 
would  die,  usually  by  drying  up.  This,  however, 
did  not  confuse  interpretation  of  the  data, 
because,  in  such  instances,  the  preparation 
became  highly  refractive  and  all  the  cells  died. 
Any  dev;ation  from  isotonf  ity  is  immediately 
detectable  by  changes  in  the  optical  character¬ 
istics  of  the  preparations. 

A  5-minute  dose  time  was  used  in  all  the 
experiments  to  allow  adequate  time  for  diffu¬ 
sion  of  ozone  into  the  celi  and  be  short  enough 
to  perir.K  accurate  determination  of  the  stage 
treated. 

3.  RESULTS 

Threshold  ozone  concentration  necessary 
to  inhibit  mitosis 

A  series  of  experiments  was  run  to  deter¬ 
mine  the  concentration  of  ozone  necessary  to 
produce  a  significant  inhibition  of  mitosis.  The 
results  are  shown  in  table  III. 

Under  these  experimental  conditions,  no 
effect  was  detected  until  the  embryos  were 
exposed  to  an  ozone  atmosphere  present  in  a 
closed  system  with  a  solution  of  3.5  to  4.5  mg. 
per  liter  of  ozone.  In  the  concentration  range 
there  was  a  significant  inhibition  of  mitosis; 
however,  the  effect  was  reversible  and  mitosis, 
although  delayed,  would  go  to  completion.  This 
concentration  was  used  in  all  the  dosimetry 
experiments.  the  lower  concentrations  of 
o-one  undoubtedly  represent  the  "ozone  de¬ 
mand"  of  this  part icul:  *  solution.  It  was  not 
kasible  to  work  with  higher  concent  muons  of 
ozone  because  of  the  excessive  duration  of 
mitotic  inhibition. 

Mitotic  stages  sensitive  to  threshold! 
concentration 

Quantitative  information  on  the  effects  of 
oz  oe  on  *«ch  of  the  specific  stages  of  mitosis 
was  obtained  by  replication.  To  tnis  r  i,  prep¬ 
arations  were  dosed  and  placed  under  the 
microscope,  the  preparations  were  mapped,  and 
each  cell  was  followed  until  the  time  of  the 
next  anaphase  The  total  time  involved  from 
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TABLE  III 

Duration  of  mitosis  after  exposure  to  va-i*>us  concentrations  of  ozone 

for  5  minutes 


•Tb*  probability  value*  in  tbU  nnd  the  *>jre*edin*  table*  were  determined  irf  t-te*t. 


vation  was  5  minutes;  therefore,  it  is  possible 
to  predict  the  stage  dosed,  because  all  of  the 
staff  -  are  at  least  twice  this  duration 
(table  IV). 

These  dau*  indicate  that  cells  dosed  earlier 
than  early  prophase  (verv  early  prophase,  in¬ 
terphase.  Late  telophase,  midtelophase  and  early 
telophase)  are  inhibited  by  this  dose  of  ozone 
and  differ  significantly  from  controls  in  the 
increment  of  time  take.,  to  reach  the  next 
anaphase.  Cells  more  advanced  at  the  time  of 


ozone  exposure  than  very  early  prophase  pro¬ 
ceed  to  anaphase  at  a  time  not  significantly 
different  from  the  controls. 

Effect  of  ozone  exposure  on  progression 
of  mitosis 

individual  cells  were  studied  after  ozone 
exposure,  and  their  progress  was  followed  from 
one  mitotic  stage  to  another.  In  each  experi¬ 
ment  from  one  to  two  cells  were  followed  per 
preparation,  the  number  to  be  followed  depend¬ 
ing  on  the  number  of  cells  in  the  particular 


TABLE  IV 

Time  to  reurh.  next  anaphase  of  cells  exposed  to  a  solution  of  J.h  to 
I.,',  my.  per  liter  ozone 


SUiff  trented 


Number  uf 
cell* 


Aver* (O'  lime  to 
next  *n*j>h**4 

(X  t  «<X)> 


Intcrpha*r 

Very  e»rly 
pn>ph**e 

Early  pruphnw 

Midprophmw 

Late  prophMf 

MrUph**e 

An«ph*jM 

MxtUlo-h*** 

lat*  Ukjphur 


2H  *  1 
23  -  1 
6.4  i  (IH 
313  t  S 
22W  .t  * 
232  »  i 


stage  to  tie  studied  that  could  be  found  in  «... .. 
microscope  field.  Therefore,  the  si>  cells  used 
in  each  experimental  group  represent  from 
three  to  six  replicate  experiments.  The  cells 
were  exposed  to  the  ozone  for  5  rr  nutes.  The 
time  was  then  recorded  from  the  beginning  of 
the  next  successive  stage  of  mitoses  and  of  each 
succeeding  stage  until  the  cells  entered 
anaphase.  Table  V  presents  t,ie  data  from 
those  cells  exposed  in  anaphase. 

The  duration  of  each  succeeding  siege,  up 
to  midprophase,  was  not  significantly  inhibited ; 
however,  .  ice  beyond  this  stage,  the  ceils  did 


proceed  thi  ough  metanhase  to  anaphase  at  the 
expected  fate.  Tauie  VI  presents  the  results 
when  cells  were  treated  in  midtelophase.  The 
cells  progressed  through  successive  stages  at 
the  expected  rate  until  midprophaie  and  late 
prophase  where  there  was  a  significant  inhibi¬ 
tion  Then  they  proceeded  through  metaphase 
to  ana,  base  as  in  the  controls. 

r  treated  in  late  telonhase  (table  VII) 
proceeded  as  the  controls  ic  midprophase  where 
there  was  a  significant  inhibition  in  mid- 
prophuse  and  late  prophase,  and  then  proceeded 
at  the  expected  rate  to  anaphase. 


Mid*«opha-* 

Late  telophaa 

Interphsse 

Pro  phase 
Very  t*a'  !v 


TABLE  V 

Six  cel! s  treat  i  t»  /mipkase 


Average 
juration 
{X?  e(X)) 


Expected 

duration 

<X) 


Significance 
X  -X 


>i  i  UtpInM 


Mitphaiie 

Inti'fpSase 

Pmphaar 
Very  rarty 


Metaphaae 


TABLE  VI 

Sit  fell*  irf at in  midtrlophar.r 


Aver**,'*- 

duration 
{X  »  e(X-) 


RxiH't't'  a 
duration 
tX) 

Signifiiintti 

X  X 

« 

j 

3.3 

nZ  ’ 

» 

3  3 

1.0 

16 

20 

16 

32 

15 

i 

ft 

4,  DISCUSSION 


Cells  treated  in  interphase  (table  VIII)  also 
proceeded  at  the  expected  rat!1  to  midprophase 
and  late  prophase  where  again  there  was  a 

significant  inhibition. 


Cell**  treated  in  very  early  prophase 
(table  IX)  were  inhibited  in  midprophase  and 
late  prophase  and  then  proceeded  at  the  ex¬ 
pected  rate  to  anaphase. 

Cells  treated  in  early  prophase  (table  X) 
proceeded  to  anaphase  without  inhibition  as 
did  cells  treated  in  middle  and  late  prophase 
(tables  XI  and  XII). 


Mitosis  is  a  physiologic  process.  The 
progression  of  a  cell  through  division  is  a 
function  of  physiochemical  processes  acting 
within  genetically  determine'*  parameters. 
Each  of  the  varous  mitotic  stages  is  depend¬ 
ent  for  its  predetermined  completion  on  events 
in  previous  stages  as  well  as  events  transpir 
ing  in  the  specific  stage.  Mitosis  provides  «n 
exquisitely  sensitive  as  well  as  a  fundamental¬ 
ly  significant  test  process. 

Quantitation  in  such  studies  is  rendered  dif¬ 
ficult  by  the  limited  number  of  biologic  systems 
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of  adequate  visibility  where  nomyclic  mitosis 
occurs,  Mari.  e  ani  amphibian  eggs  have  been 
studied  extensively,  although  intracellular 
visibility  is  poor  ;  mammalian  ceil  suspensions 
in  the  exponential  growth  phase  is  one  recently 
developed  system;  and  the  neurobiast  mitosis 
used  in  this  study  is  another. 

The  inherent  difficulty  of  studying  a  dy¬ 
namic  system  with  static  technics  has  imposed 
additional  limitations  op  such  investigations, 
and  continuous  observation  of  the  living  cell 
appears  to  be  a  necessary  requirement.  Evi¬ 
dence  of  mitotic  stage  reversal  after  irradiation 
(6)  demonstrates  the  fallacy  of  assumptions, 
based  on  data  obtained  from  slide  preparations. 

In  these  investigations,  it  was  found  that 
ozone  produced  a  specific  effect  on  mitosis.  At 
the  threshold,  concentration  cel's  exposed  m 
anaphase,  telopnase,  int.erphase,  and  very  early 
prophase  were, delayed  significantly  in  passing 
through  the  next  middle  and  late  prophase 
stages.  Cells  more  advanced  than  very  early 
prophase  proceeded  to  anaphase  at  a  time  not 
significantly  different  from  the  controls.  It 
thus  appears  that  the  stages  sensitive  to  ozone 
under  these  conditions  are  preprophasa,  and  the 
inhibited  stages  ure  middle  and  late  prqphaxe. 
These  data  suggest  that  the  mitotic  activity 
of  ozone  is  similar  in  some  respects,  to- the 
responses  to  high-energy  irradiation,  but  there 
are  significant  differences.  Exposure  to  ozone 
does  not  result  in  a  reversion  of  prophase  «i-gt.„ 
which  has  been  described  for  irradiation  (6). 
With  low  irradiation  doses,  reversion  is  limited 
to  cells  in  late  prophasc.  and  there  is  an  ac¬ 
cumulation  of  muiprophases.  With  higher 
doses,  all  prophase  cells  revert  to  an  inierphase 


condition.  Thus,  with  irradiation,  we  have  a 
critical  stage,  late  pvophase,  and  a  reversion 
process  which  is  dose-dependent.  The  higher 
the  dose,  the  greater  is  the  reversion.  Thin 
reversion  phenomenon  was  absent  with  ozone 
exposure;  however,  late  prophase  was  the  stage 
in  which  the  mitotic  inhibition  was  expressed. 

Ozone  is  of  particular  interest,  in  irradiation 
biology  because  the  decomposition  of  ozone  >n 
solution  produces  ft*  same  active  radicals 
formed  in  water  by  high-energy  irradiation. 
The  chemical  activity  of  free  radicals  produced 
by  the  catalytic  decomposition  of  hydrogen 
peroxide  with  ferric  ions  has  recently  been 
discussed  08,  19)  and  Phillip?  (13)  describes 
the  production  of  chromosome  aberrations  in 
barley  by  these  hydrogen  peroxide  precursors. 
From  studies  of  the  kinetics  and  mechanisms 
at  ozone  decomposition,  Alder  and  Hill  (1)  as¬ 
sumed  that  in  solution  the  reactions 

HCr  +  OH  <  2HO.M  <1) 

it,  +  HO-  _»  OH  +  2<\.  <*> 

are  responsible  for  disappearance  of  ozone,  are 
relat;  ely  slow,  and  determine  the  r»ie  of 
reaction.  Also,  these  authors  indicate  that 
reaction  represents  ar;  equilibrium  which  is 
maintained  so  Jong  as  ozone  is  present  (1). 
Trio  decomposition  of  ozone  in  solution  is 
catalyzed  by  hydroxyl  ions  sod  is  dependent 
on  temperature.  The  evidence  presented  in 
this  stu^y  suggests  that  only  a  port  of  the 
irradiation  effect  on  mitosis  can  be  explained 
in  terms  of  active  radical  formation  in  water. 
Such  products  pmluced  externally  to  the  cell 
do  not  cause  a  reversion  of  the  prophasr  stages 
of  mitosis. 
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